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INTRODUCTION

Boston College, in its investigation of the seismic

effects of rocket launchings on structures in the immediate

environment, is analyzing data taken during a Titan IIT-D

launch at Vandenberg AFB in March 1979. The work reported

herein deals with the spectral form of the induced surface

pressure. A theoretical model is fitted to the power spectrall

density of the observed pressure at various times during

launch. The results are presented along with tests of their

validity.
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CHARACTERIZING PRESSURE SPECTRA

The data are contained on a file (LAUNC2.MNR) which

begins 1.64 seconds before ignition and continues for

61.44 seconds at 100 samples per second on each of 16

channels. The array of instruments corresponding to these

channels is shown in Fig. 1. For this report only the

pressure sensor on channel 10 which is q50 feet from the

launch noint was used.

To obtain estimates of the power spectral density at

a qiven time after ignition 256 samples were read in

beginning at that time. These samples had been digitized

at 204.8 counts per volt. The power spectra were computed

by the periodogram technique employing on FFT algorithm.
N 2 N

This Deriodogram is such that E x F SN k"i=l k=1
It was found that the noise caused by the system and

ambient pressure fluctuations was white and assumed to be

additive above the quantization level. It was estimated

by averaging 20 periodograms startiinq I minute before launch
-6

and found to average 9.37(10 - ) volts2 per cell (Fig. 2).

This was subtracted from the rocket spectra to yield our

best estimate of rocket induced surface pressure observed

through our system. To convert these spectra to the spectra

of the pressure appearing at the input, they were divided

by the squared magnitude of the system response (Fig. 3).
in 5out

That is Sk = k These were scaled by i/Af at 0hz and
?

k

the Nyquist frequency and 2/Af elsewhere so the resultant

2
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power spectral density when integrated by trapezoidal rule

from 0hz to the Nyquist frequency equals the mean square of

the input. However since the value at 0hz is dependent on

amplifier drift its value is discarded and to reduce contamina-

tion from errors in our estimate of system behavior near the

Nyquist frequency only frequencies less than 40hz were

considered.

From physical considerations (1) and experimental studies

12) it is believed that the power spectral density of the

surface pressure caused by undeflected chemical rocket plumes

is of the form:
P W -24 max W O0

4 p0  "f 0  -2

or P(f)= - f -- ,  k

It was desired to obtain values of P0 and f0 which minimized

the sum of the squared differences between the observed power

spectral density and the theoretical as described by the above

equation. To find the sum of squared errors over the range
fin the- f the

of the power spectral density:~129
SE = E. (P,_p(f k))2
~k=1 k

where P' is our estimate of the kth value of the power spectral
k

density and fk=100(k-l)/2 56 which is the frequency represented

by the kth values of the power spectral density.

For reasons already stated the full range of the power

= spectral density was not to be used so the limits of the
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summation were changed accordingly.

103 2
E=  (P -P(f k))

k=2

Rather than finding both P0 and f0 by trial and error

the derivative of E with respect to P 0 is taken and set to

zero that is where the extremal would be found.

dE 0 3 11 4 0 fk0 -2 4 f0-
(K- f-

dP 0  k=2 k" 0 T0 k 0 0k

103 fk f0 -2

0
P 103 k

S 1 ~f k f0 -

k=2 0 k

So for any value of f0 the value of P0 which insures minimum

error in the least square sense is uniquely determined.

To find the value of f which yields the smallest E
0

(the 'best' f0) an iteration scheme was devised. The initial

search interval has f2 and f1 0 3 as its endpoints in the belief

that f0 lies between them. Five tri-1 values of f0 are con-

sidered starting with the low endpoint of the search interval

and increasing in equal steps to the high endpoint. For each

trial value of f0 ' P0 and E are computed by the formulae above

and the best f selected. A new search interval is defined
0

with endpoints equal to the trial values adjacent to the best

f0 during previous search and a new estimate of the best f0

found. The process is repeated until f is determined to~0

within the limits of the computer's accuracy. In this case

single precision yields about seven significant digits.
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The resultant f0 and P0 were used to qenerate plots

El which show power spectral density based on observed values

and theoretical values vs. normalized frequency, f/f0"

Table I shows f 0 and P0 for each segment.

In order to compare average observed power with theoretical

power the theoretical power spectral density was integrated

from -o to .

P f f

Pt=" P(f)df=-y-4 f0_ 0-o

A 0 f2
=-- f P , f df0 CO _ f2+f2)'

f

0 20  -3
-2 2 2 2'
0f 0)

2P 0 f 0  1 df= (0 )=2P 0  (3)
(f2+f7)

09 0
-9

The observed power (AL E P) and theoretical power are contained
k=l

in Table I.

VALIDATION

Although the theoretical curves do not appear to closely

fit the observed spectra it is known that the use of the

periodogram with a large number of samples to estimate the

spectrum produces results which fluctuate wildly (4). It

was desired to test whether these fluctuations fall within

expected limits when the theoretical power spectral density

5



is assumed true.

Oppenheim and Schafer (4) show the development of an

expression for the variance of the estimated P' 's for a

white Gaussian process and Hinich and Clay (5) state that

the result is a good approximation for a wide variety of

random processes. They state that the variance (02) of the

spectrum is approximately equal to its magnitude squared.

2 1 M ( - 2O( =-- p
k~i~ k~ 1 k

or _
2  M (M ) 2

,2 MR m=1  F-2
k k

as 1 1 0 3 
2

A igure of merit is defined as k=2 I

kkwhich with M=l and P J assumed equal to P(f k becomes

103 (P P(f)) 2r1 k
k 2  P2 (fk)

k

This quantity which should be approximately 1 is contained in

Table I. In addition as has been stated in (5), for large N

2P follows a chi-squared distribution with 2 degrees of

freedom.

As an additional test of the validity of the fit this

2P F
criteria was used. For each value of A . its cumulative

P(fk )

relative frequency was computed.

a = estimated probability that Ak X.
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The chi-squared distribution for 2 degrees of freedom is

a= f -dxl-e ()a=(6)2

Therefore u=-2Zn(l-a)

and u rm-2£n(l-a x
x

For a qood fit u should be approximately equal to x.

x has been plotted vs. pix for each segment.

RESULTS

Results are presented in Table I and plots which are
figure 4 through 12. Plots (a) are of the observed spectra

(points only) and fitted theoretical curves (solid lines).

Plots (b) are Ak vs. px as previously defined and labelled

'observed test statistic' and 'theoretical test statistic'

respectivly. The vertical axis is scaled to fit the maximum I
value o; Ak although this point cannot be plotted since its

corresponding theoretical value is infinitely large. The

horizontal axis stop's at 9.25 which is the 99t h percentile

for the 2 degree of freedom chi-squared distribution. The

solid line represents Ak=Ux. When the observed points lie

above the line it means we had larger values than we should

have expected. When they lie below it means they are smaller

than expected.

CONCLUSIONS

In order to determine bounds on the figure uf merit for

acceptable fits simulated data was used. A random number
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subroutine was used to produce normally distributed variables.

For each group of 256 numbers the FFT was taken and the

magnitude multiplied by the square root of P(f) for a set

value of P0 and f0" Mhe inverse transform was taken and

the result multiplied by a decaying exponential which modelled

the envelope of the rocket data. Two hundred similarly

produce2d groups of 256 variables were fitted with the

theoretical power spectral density curve and statistics of

the figures of merit accumulated.

The figures of merit for this simulation were found to

have a mean of 1.07 and a standard deviation of .35. The

minimum value obtained was .57 and the maximum was 2.98.

It -as decided to accept the fitted data if its figure of

rMerit fell within these extrema.

The first fit, which began 3.83 seconds after ignition,

produced a figure of merit of 21A.6. This fit is rejected.

It is believed that this early in the launch the plume was

not undeflected and the theoretical curve does not apply.

Figures of merit for subsequent fits fell within extrema

criterion and these fits are accepted.

It was found that when f was low (eaual to 2.8 hz)0

the chi-squared test plot, while a straight line, lay above

the Ak=I"x line, as happened on a number of the fitted segments,

and the estimated value of fo was high (3.2hz). Evidently

out estimates while acceptable according to the figure of

merit criterion are biased toward the hiqh frequencies.
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APPENDIX

Listina of computer program follows
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F NIlt 'iN V W?.' Fri )i9-Nov-79)1: (:10~;~

P:VOGRAM' POWER/I
C 'HIS 1S POWER2 WiTH- MUCH OF THE OUTPUT LEFT OT

C TN(THIS, WITHp PLLT83 FOR PLOTTING.
C LINK( WITH MISC FOR HISTOGRAM AND ASSOCIATED DA-TA TABLES,

C DATMIN AND DATMAX FUNCTIONS, AND SEARCH SUBROU'TTNE.
C LINK~ W1-TH FFTSUB FOR PAST FOURIER TRANSFORM SUBROUTINES4.

C

0 0, 2 DI1FNtO ORK(102), PTHEOR(300), ASCALF(9), rN(2'~,TM(Y'
CONV(103) , NSKTP(12), RESID(t02) , AJUNK((25), PiiT

+ ~~STATS(102), THSTAT(102), rDAT(3,)VlRPLT(U IEL(
LOI3ICAL*l LABEL (3)

j 0 4 COIMON P1, W(300), PPRIME(255)
.100 5 DATA PI/1.14115926,535R9.8/

DATA ASCALE/175.9,31.4,24.8,171.4,203.9,153.9, Yi2.(;,204. ,20 -z/
3f -7 DATA NSKIP/0 235, 391,547,703,59, 1015, 1171, 127, 1483, !()9,~75
~1?3 DATA PAULT/.575,1.,2.,2.73

TYPE 11.4
:~ I7 1~ FORMAT ('TYPE DATA FILE NAME:' /

I 1I CALL ASSIGN (1,' , -1, -RDO')
P.; 2 DEFINE FILE 1 (;;144, 20, U, INDEX)
~o3I CALL AS-SIG0N(2,'DK:VF2PRS,.DAT',13,'RrO')

114 DEFINE FILE 2Z (257,r,U,JNDEX)
.015 TYPE 15
21 1 5 FORMDT(' TYPE FILE NAME FOR OUTPUT OF REqIrDUAkLF AND THEORE'llICAL'

+ /'VALUES: 'I

17V PALL ASSIGN(l,' ',-I)
DEFINE FILE 3 (102,50,U,KNDEX)

~Y9DELTAF 10.=)

v R0?1 JWEX I

(m2? DO 20 1=1,103
READ (2'JtqDEX)XXX,CONV(T),YYY

C
-~25 TYPE*,ICHANNEL NUMBER

0 0 2 ACCEPT*,IlIAN
- TYPE*,'TSTART=

C9 ACCEPT*,TSTART

C

0 DO 1000 ISKIP I ISTART, 17
- C
31131PTlJT 25, DAT
;W2 5 FORMAT( PROGRAM POWER4'10,X,3A4, 1

+ 'FILES USED:l13X'LAUNC2.MNR Il,)PUT'/
+ 25X'VF2PRS.D)AT INPUT' /25X';)ATrA.LC?2 OUTPUT' 1

- ;~~i3PRLZNT W0, ICHAN, NslIP(IKrP), RNOY7./DELTAF

p1413 Fn,,)IAT('*****CHIANNEL, 13, 10X, 15, OBSERVATIONS SR IPP!;1.'

33



FOT RAN I V02 (414 Fri 09 Nov-79 00:Vlo:00~ PAGE o00.2

REA lNNEWOBSERVED DATA,

0J~5 NDEX =NSK1P ([SKIP) +I 1
-0 31 DO50 1I1 256

DUM4MY (1 0
READ (I 'INDEX) IN

0 ol9 50 PPIRTME(l) IN(ICHAM)/ASCALE(ICHAN-7)

qUBROIJTINE FFTFP CONVERTS ARRAY DATA INTO SPECTRUA~
0 C'LL FFTPP (PPRI'E,DUMMY,256,2,0)

CONVERT SPECTRU'1 INTO 250 (PPRIME ARRAY). DROP FIRST POINT.I
C rENERATE FR6QUENCY AND CONVERT TO OMEG3N (W4 ARRAY)~.
C,
C -'IF END OF THE LOOP IS 102 INSTEAD OF 128, SO THAT THE MAXIMU-1

F'REQUE~NCY !S NO-W 40 HZ, INSTEAD OF 50 HZ.I

'14 o~n L
PPRIMF (1)=2.* (PPlIME (1+ ) ~ N Y )( E T F* O V T ~ ) CN V(~f

'~44IF(PPRIME(I) .LE. 0.)PRINT 58,FL0ATI(T)*DELTAF,PPRIME(t)
FOR!VIA( ***WRNI11,1 AT, F5.l,' HZ PSI**2/HZ =',GUl.4)I

PSA PSUM + PPRI'4E (I
f(T) = PLOAT(T * DELTAF

.1.40 IF(ISTART .NE. TSKIP) GOTO 75
,,*c-r)E = I

READ (3KNDEX)AJUNK

~~' KNDEX = KNOEX-
~ U' Iqp p5 (3 'KDEX) 'I\JU",K

FTNIn3 TTIFi TRIIPL FRE.UrENCY THAT GENERATES THEOEIA H~E TAT

c Bl T MATCB T'IF OBSFRAED VALUES (CRITERION: LEAST SUM OF SQUARED
c EPRORS) CTORE ANSW4ER IN 140. STORE ASSOCIATED BEST P IN PO. A

-7.,,.,'TRIAL FREQUENCY',15,VMI.PLT,SSEPLT,1-1)

C, ' 5NG THE EqTT'1ATFS OF P AND Wf, CALCULATE THE CURVE (PTHEORI,
T~EJCALCULATE THE RESIDUALS AND THE FIGURE OF MERIT (DOLLY)I

C'l.LL FUN r(WO, PTHEOR)
RESBAR =0.

uS Z DOLLY 1 .

RESID(t) -PPRTMEII) -PTHEOR(I)

* IE'RAR RESRAR - ABSfRESTD(l))
IOOLLY =DOLLY i- (RESID (I)/PTHEOR (I) )**2

RFSyBARL/lf42 .
RF.SBARLL /102

p 34
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F')RTRAN IV VC2. 04 Fri 09-Nov-79 00J:00:00 C. E ::13

C PRINTOUT RESULTS
C

0 18 PRINT 575, WO, PO, SSE, DELTAF*PSUM, 2.*POi, RESBAR, DO)LLY
00' 59 575 FORMIAT (//I F-NOT EST IMATE 01Z)' T32, 1 PE15. 7/

P EfSTIMATE, T32, IPzIS.7 /
SUiM OF SQUARED ERRORS (SSE)', T12, IPEI1 .-

+ 'TOTAL OBSERVED ?O1dER1, T32, lPE15.7 I
TOTAL TrlEORETICAL POWER', T32, IPE15.7/

= ' VERAGE PABSOLUTE RESIDUAL', T"?, 1PE15.7 ,

'- FIGURE OF MERIT',T32,1PE15.7, //
c

C PRINTOUT RESIDUALS AND T!HEORETTCAL VA\LUES P1 FRE.)UEZ, Y.
C STORE THEM1 IN DATA FILE 3.

-7 cAA
THE F-OLLOWdING PRTNTOUT IS OPTIONAL

CC PRINT 9
-7051 1 FMMT F11F THE0R E TIC 1L'L. 2 19X 'FRFJQ ifUE~~

+ Ql(H1 PST **? /HZ' SX 'RESIDUAL' t riX 'Qiiv
X 'R SIDUrAL'

cc '-O 10. 1=1,34

CC~ PRINT 61,(W1),PTHEOR(),RID(J)) .7=I ,3 ) A
3~71 b FOWR4AT(1X,FS.2, 2(5X,iPE9.2),0P, 2(15X, F5.2, 2(5X, IPE 9?, 1 P) I
~72 PRINT 625

1W3 1125 FORMAT('!'

Oil rXI i50 T= 112
READ,(-A KN1DEX)JNUVK(

0 7 7 LDEX = SKIP*2 -I

AJUNK(LD-EX) =PTHEOR (I

P.AJUNK(LDEX 4-1) =RESID(I)
'(NDEX= XIDEX- I

A 01 5WRITE 'INDEX)\.iUNK m

C OPTT'NAL PLOT

r, PLoY1' PPRV1 'OBS;ER'"ED) VS PTHEOR(TIIEORETICAL)
C ICLUDE 4 COMPARISON LINJES:
C' ) ( .575 * PTHEOR) VS PTHEQR
C2) U1.00,1 * PTTHEOR) VS PTHECIR

3) (2.000 * PTIIEOR) VS PTHEOR
4) (2.77_4 * PTHEOR) VS PTHEOR

C PLOTWING -I417:

I TN =AMIN1 (?THEOR0Z),PTHEOR(102))
PP".N =1 DATMIN (PPR1IE,.1021)

Yv *\MZNI1j(pP?.TN,.5*PT'AIN) I

PT;1-XX N E)MX (PTI EOR, Iil2)
PPMAX =J A .MX (PPRIME, 112)

v.% .AX AMiAXI t(PPAX2.773*PTMAX)
DELTAY = (Y4AX -Y.MTN)/6.

0 9 DELTAX = (PTMAX -PTMNII)/ l.
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FolTwo 1 V L VW)I Oil F'. , 0 -NIIovIPI 0,; 0IlY 1) Vill., )* miINIWL'

C 'ALL A XI S I (xi 14 )11SEVO !I i, IS6. k1YA I NDI

0') ~"\l 3"C I AI 7111 ISERI' D :r */z ' , - 8 , (. # . m I Y N 1)t*iA

0 OW!L 1 1.1 NF. 1-P~I.O)Ii PTMI tim f Pf.LIAX, PPIA 1M1., Y'1 IN, FIEL 1 AY ,It'',I,-

PIT V'III). 11 C2fl4P.\NIAI 8N LINE-

CA) L LTW , (PUL (I )*PNviIN - YM IN )/IALAY ,

a (.CALL~ 1PI=)'I (-I , kI1-IULV'I ) wI"I'MfAX - YM'~IN 3/IELI'AY.

CAL CUIJI.A'I ANI) PLOTI Tl'l-V SVPAT1 1I I' C9 VC, PIQUEINCY

it( I' oAI' (I) I * PPRl TME ((1) /P1-FOI (I)

C

I ~l '~\L 1)PLO' (. ,.6, W S ,j102 ,'FUFQOLENCY (IM)' 1 ',

''IlWEflVEI TR T S TAT' Ire ST ?4C , 4 1 '1 , I

NPi'Io'Al. II I Z0'I0a\N1 OF TI,!'T !-VT ', TICF i

K C ALL. 11l 1 (7. 1 ), O1WIEIRVLI TE81 TA'i~iC 4 VA~ ?

'INDIER D)ATA (NOTI NICE", F3IY .i III ST~I IqA' OS)8) I
**I IN I

I i CONTi'I N11F.

~ I- 'VI'AT! (I

I I I TAT M' IVAT (N N

C TlII U'QRII )1: FO'R ITE ON.V11 F'fr. ONT; H
C TlI- ( VTlI f'AL1 VAI-1(IL FOR~ TIlF LA;TI POINT IF 'NrlNI TE.

1 I A I 'I~' l (I 10
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FORTRAN IV V02 (14 Fri 09-Nqov-79 00: 00: 00 '~Eio

t :18l D ELTA Y A MA XL1(STATS (102)THSTAT (l1 1/6.
0 119 JELTAX = THSTAT(101)/7.
01 20 CALL PLOTS '1)
(3121 CALL RED
01122 CALL PLOT (I. -6).5, -3)
0123 CALL AXlSl(0.,0.,'OBSERVE) TEST S'rATsI~s,?4,),,9i.,.,EL'P'AYI

0j24 ~CALL AXISL1(0,,0.,lTEORETICAL TE!FT STATTSTTL-CS',-7,.,:.,U'.,
4- DELTAX)

~;3CALL AXISI (7.,0. 'OBSERVED TEST STATTSTICS',-24,6),(.,~(4k, DI:LE"\Y)
0126 CALL LTNE(11STAT,0.,DELTAX,S-rTAS,0.,DELTAY,101,1,-1, t *I)
3127 CALL PLOT( THSTAT(1)/DELTAX , THSTAT(1)/DELTAY ,3)

0120 CALL PLOT( THc:rAT(101)/DELTAX, SATL1/)TY,2
C NSKTP EQUALS SECONDS*100 PASSED

(1129 TIE= FL0AT(NSKlP(lSKTP))/100. - 1.64
'1130 ENCODE (6,751.,LABEL(l))TIME
0131 7'51 FORMAT (F.;.2)
0132 CALL SYMB3OL (1.,6.,0, 'CHANNEL 10',0,,10)
0133 CALL SYM BOL (,3.,6.,O,LABEL,0.,6)
0'1,11 'CALL SYABOL0 (3.75,6.,0,'SECONDS AFTER TGN'ITION1,0.,22)
.1135 PPIN'C 625

C
C THE FOLLOW4ING EXTENDS TEPTHEOR AND W ARRAYS SO THAT THE

C THEORETICAL CURVE IS SYMMETRIC

C NIPOINT = THE NUMIBER OF POINTS NECESSARY FOR A SYMMETRrC CURVE.

01% NPOINT = 101
9,137 INDEXI= 102
0138 NOT775) NIPOTNT = PONT+
11139 W(JON)=FLOAT (TNDEXI)*D)ELTAF

0140 PTFIEOR(NPOTNT) =PCURVE (W0,PO,W(tNPOINT))
01141 INDEXI = INDEXi + 10
ki,4 TF(PTHEOR(NPOINT) .GT. PTHEOR(1) GOTO 7

C
C NORMIALIZE Iq BY DIVIDING BY WO

0144 DO 300 T=l,NPOTNT
11145 811 W(1) 1. W(TI)/WO

C
C LLOGOGPO FBT OBSERVED AND THEORETICAL VrkLUEq; V-

C FREQUENCY.
C

C14~PM1IN = ?\MN (PPAIN,PTHEORl),PTHEOR(NP(MNTI))
(147 PNIAX =AMAXI (PPMIAX,PTMAX)
0148 CALL PLOTS((-))
014 9 CALL RED

0] 5 ~ CALL PLOT (1.,-6.5,-3)
0151 CALL LAXT S (4. 0. 'PS 1**2 /HZ'9, 6. ,90. , PAX, P IN, PD~1IN, POLA)

-0152 CALL LA XI S(7.,0. 'PS **2 /HZ 9, 6 .PA, PP I N, PD 1,1, P)ELTA)
0153 C'PLL LA XTS (0,0. ,'N ORMAL IZ ED FREQU ENCY' -2 0, 7. , 05. , W(N130r NT)

+- Wq(),WDNIIN,WDELTA)
.015 4 CALL LOGLOG (W,PTTIEOR,NPOINT, t,WDMIN,WDELTrA,PDNIN,PDELTiA,, S )
$115 5 CALL LOG LOG (WPRM~0,,DINWDELTA INjIDELTA,-,'*')
01515 CALL SYMIBOL &_,.,,'HWE 1'0,0
0157 CALL SY'413L (3,,6.2,0,LABEL,0.,6)
011583 CALL SYAIIOL (3.75,r,.2,0,lSECONDS AFTER tGNITrotql.?2
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P'JiIlRAN~ IV V02.04 Fri 09-Nov-79 t40: 00:00 PAGE 00

~l 5 ( PRTNT Q2')

1 0 GOTO 100

C CONVERT W INTO REGULAR FREQUENCY AND PLOT ABOVE CURVES ON LINEARI
o AXES.

C
'7 'UDO 950 I=1,102

1'12 950 lq(I) I W
I S 3 leiINC = (W(102) W W(1)/7 .

0 )4CALL PLOT(0,6-3
0 1:7,5P4 IN = AMINI(PPMIN,PTMIN)

c PMAX IS THE SAME AS ABOVE, SO:
0'() 5 PINC = (PMAX - PMIN)/6.I

-)7 CALL AXISI (O.,0.,'PSI**2/HZ',9,6).,90.,FMIN,PINC)
0138 CALL AXISI (7.,0.,'PSI**2/HZ',-9,6.,90.,PMIN,PINC)
0169 CALL AXISI (0.,0.,'FREQUENCY',-9,7.,0.,W(l),WINC)
04170 CALL LINE (W,W(1),WINC,PTHEQR,PNIN,PINC,102,l,0,'.')

0171 CALL LINE (W,W(1),WINC,PPRIME,PMIN,PINC,102,1,-1,'*')
0172 CALL SYMBOL (1.,6.2,0,'CHANNEL 101,0.,10)
0173 CALL SYMBOL (3.,6.2,0,LABEL,0.,6)
017A CA\LL SYMBOL (37,.,0'EOD AFTER IGNITION',0.,22)
0175 PRINT ')25
017r) 1000 CALL CLOSE (6

0178 END

b
-E
E
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C
C
C THIS FUNCTION RETURNS THE BEST P-NOT VALUE FOR A GVN
C OrEGN-NOT. CRITERION IS LEAST SSE.

000I FUNCTION PNOT(WNOT)
. 3002 COMMON PT, W(300), PPRTME (256)

0003 DENSUM = 1.
0004 TOPSUM = 0.g',]B5DO 100 I=1,102

.13006 WSUM = W(I)/WNOT + WNOT/W(I)
0007 DENSU14 = DENSUM + I./(WSUM**4)
0008 100 TOPSU14 = TOPSUM4 + PPRIME(I)/(WSUM*WSUM)
0109 PNOT = PT * WNOT * TOPSU/(4. * DENSUM)

0,.010 RETURN
011 END

39
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F...TR.A N T v V02. 04 Fri 09-Nov-79 00: 00: o0 PAGE ;i01

C
C
C THIS FUNCTION RETURNS A P(I) VALUE FOR A GIVEN W(I)
C w(,) IN 'Y4EG'\ FORM.
C

FUNCTION PCURVE (WNOT,P0,WI)
lo 2 rO'4MON PI
0, 00 -3 WSU,1 = WI/WNOT iWNOT/WI-1.4 POURVE = 4. * P'/(PI * WNOT * WSUM * WSUM)

"5 RETURN

F'RTRpkJ IV V.12.04 Fri 09-Nov-79 00:00:00 PAGE 001

c
C

(11 01 SUBROUTINE FUCT (VIR,WORK)
,2 OIMENSION 'WORK(102)

n ,iC COM .ION PI,W(300)
P0 =PNOT(VAR)

DO 100 T=1,102
U )K() = OCURVE (VA R,PO,W())• #.vRETU RN

EN'

40
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'0 0 1.1 SUBROUTINE FFTFP (XREAL,XIMAG,N,M,IF)
r

C TF=0 FORWARD TRANSFORM
C IF=1 INVERSE TRANSFORM
c
C M 0 XREAL AND XIMAG RETURNED AS REAL AND IMAG. FOR FORWARD Xr"RM9;
C M= " " " MAGNITUDE AND PHASE " .. ..
C (PHASE IN DEGREE9)
C M=2 XREAL RETURNED AS 'PSD'; XIMAG =0.
C HERE 'DSD' MEANS SUM OF N VALUES OF XREAL = MEAN SQU\Riz OF INPUT
C
C FOR INVERSE TRANSFORM M DEFINITIONS APPLY TO INPUT DATA
C XREAL AND XIt4AG RETURNED AS REAL AND IMAGINARY
C
C FOR FORWARD TRANSFORMS XREAL AND XIMAG INPUT AS REAL AND '1A';N4 Y
C

0.002 DIMIENSION XREAL(1),XIMAG(1)
0003 PI=3.14150
004 DTOR=PI/180.

V100s)5 IF(IF.EQ.0)AO TO 6
C
C MUST PREPARE FOR INVERSE TRANSFORM
c

SA 17 !F(M.EQ.0)GO TO 2
VP09 IF(M.EQ.2)GO TO 4

C

C INPUT IS MAGNITUDE AND PHASE
C

3011 DO I I=I,N
0012 FMAG=XREAL (I)IN
0A113 XREAL(I)=FMAG*COS(XIMAG(I)*DTOR)
0014 XIMAG(I)=-FMAG*SIN(XIMAG(I)*DTOR)
01015 1 CONTINUE
00;16 GO TOS

C INPUT IS REAL AND IMAGINARY
C

0017 2 DO 3 I=1,N
f1 0I 18 XREAL (I) =XREL (I)/N
0 9 XIMAG ( -)=-X I'?G (I)/
0020 3 CONTINU,
1021 GO TO i

C
INPUT IS 'PSD'

C

0022 4 FACT=FLOAT (N) *N
0C23 DO S I=I,N
0024 XREAL(I)=XREAL(I)/FACT
0025 5 CONTINUE

C

1026 4 CALL FFTB (XREA.,XIMAG,N)
c

00]27 TF(IF.EQ.I)R TURN
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C TRANSFORM WAS FORWARD

c
0029 IF(M.EQ.0)RETURN
0031 IF(M.EQ.2)GO TO 8

c
c DESIRE OUTPUT TN MAkGNITUDE AND PHASErv

0 0 33 DO 7 I=I,N
0-4 XMAG=SQRT (XREAL (I)*XREAL (I) FXIMAG (I)*XIMAG (5))
01135 XIMAG (I)=\TAN2 (XI4AG (I) XREAL (I))/DTOR
:10|36 XRE\L ([I)=XMAC
0 37 7 CONTINUE

003-9 RETURN

C
C DESIRE 'PSD'
C

39 3 FACT=FLOAT (N) *N
P .)4C' DO 9 I=I,N

9041 XREAL(5)=(XREA' (T)*XREAL(I)+XIMAG(I)*XIMAG(T))/FACT

()42 XIMAG ([) = .
0043 9 CONTINUE
.)044 RETURN
1)0 05 END

42I
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VW 00,11 SUB3ROUTINE FFTB (XRUAL,XIMAG,N)
0c 0 )2 DIMENSION XREAL (N),XIMAG (N)

0003 NU=LOG2 (N)
0004 ~N2 =T4/2
0 0 0 5NU1=NU-1

11007 O 100 L=1,NU
00089 102 00 101 I=1,N2

11(09 P=ISITTR (K/2**NU1 ,NLJ)
00J10 ARG=6 .283185*P/rL0AT(N)
C. 0 1 C=COS (ARG)
0 12 S=SIN(ARG)
0 013 K=~
0014 KIN2=KL+N2
vll1i5 TrIEAL=XREAL(t(IN2)*C+XIMAG(KIN2)*S
0v11: 1TIMAG=XIMAG (KN 2) *C.XREAL (KIN 2)*

(i~i17 XREAL(X1N2)=XREAL((I).TREAL

0 01 XREAL(K1)=XREAL(K1)+PREAL
.)20XTIMAG (Ki)=XI' AG (KI)+'TMAG

0021 I'll K=K+1

0022 K=K+N211023 EF(K<.LT.N)G,'O TO 10?
0-025 =

0?F6 N'J1=NUI-1
1027 103 N2=N2/2
0028 DO 103 K=l,N
o-129 I=TBITR(-!,NUj)+l
0 0 30 IF(T.LE.K)GO' TO 103
00312 TREAL=XREAL ()
04033 TIMAG=XIM4AG (K<
0034 XREAL (K)=XREAL RI
.0) 35 XVMAG (K) =XIMAG (I)
0 (136 XREAL(T)=TREAL
'3037 X114 G (I[)=T IMAG

8 18v103 CONTINUE

~103 9 RETURNI
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lp I leiFUNCTION IE3TTR(],NU)

t"0 o,3 T8ITR=0)
DO 200 11I,NU

-=0005 .7 2 =JI
I B '1R =1IB I rR 2+ (1- 2 *J20 ~ '3 7 2~ 00 JI J2

- 0008RETURN
A009 END

44I



F'ORTRAN IV V0-2. 04 Fri 09-Nov-79 oo0:0( 1 'G!

0 0~3 FUNCT ION LOG 2 (N)
021

004LOG2=.1 

I010j05 1 rF(j.EQ.N1)RETURN
0 O7 [F(].GT.Nl)GO TO 20009 1*

0 e I o LOG2=LOrS2+1
01 GO TO
0012 2 TYPE looo,Nj00)13 1000 FORMAT (IX,15,1' IS NOT A POWER OF 2')0 ~ 014 ")TOP

- 015 END

HE
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SURROUTTNE IIANN (RIN,N)
.2 DIMENSION RIN(l),TEMP(25;)

00 1 T =2,M
,EMP (I )(R!N (1-1) I-RIN (f +1) )/4+RIN (1 )/2

-, " 1 CONT 1I UUE
=,q:7 u1*. (1)= ( t 1N (I) -R IN (2) )/2
; 8 RTN (N)= (RIN (N) I-RIN (M))/2
0 o., ,DO 2 1=2,M
-{ RIN (T)=TEMP(T)

0 1 I M U E
0V12 RETURN

- })913 END

i

I
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1001 qUBROUTINE qAN2 (RIN,N)
2IMENSION RINM(),TEMP(254)

i43

0 1J 1 0,0 4 D o I 1 =2 , -M
0, ,5 T E MP (1)I N -I)+ RI N(I + I))q + T ()

0 r, i CONTINUE
3 7 RIM(I)=(R IN( +RI N(2 )+RIN (3))/

00 8 RIN ( )= (PN (N )+RIN (M) + RIN (M-) ) /3
o,3 19 D~O 2 1=2,M
10 1 1 RIN (I) =TEMP ()

1:,I1 2 CONTINUE
Ilk,2 RETURN
-813 END

A

4:

I
I

:I

*1
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C
C N
C SU3 ROUTINE SEARCH ('rHETA, SSETHE, AMPriE, IAMP,ALOW, HIGH, ACCT!iE, R

C IACCSE,WORK,STAN,NPTS,IPRINT,IPLOT,XS IZE,YSIZE,VRNAM, NCHAR, Al

C VARPLT,SSEPLT,NPLTPT)

C PURPOSE

C
C DOES A "STAB" SEARCH FOR AN UNKNOWN PARAMETER.C

C ARGUMENTS

THETA
C VALUE OF P RAMETER RETURNED AFTER THE SEARCH.

.SETHiE
c SSE ASSOCIATED WITH THETA, RETURNED BY PROGRAM.

C AMPTIE
C AMPLITvIDE RATIO FOUND AND RETURNED. !F NO RATIO
C (ALCULATIONS ARE DESIRED, SET TAMP = 0
r

1- TAMP
r" SEE ABOV'.

c A LOW

C USER-SUPPLIED. LO4 END OF RANGE IN WHICH THETA IS
EXPECTED TO APPEAR.

, =r: HIGH

1USER-SIIPPLIED. HIGH END OF RANGE FOR THETA.
SF! THE MINIMUM SSE IS FOUND AT EITHER ALOW OR HIGH,

C THE PROGRAM WILL EXPAND THE RANGE UNTIL A NON-BDUNDARY
C MINIIMU'4 SSE IS FOUND.

ACCTHE

*" USER-5UPPLIED. THE SEARCH ENDS WHEN EITHER THE
" PRA:4ETER OR ITS SSE HAS BEEN FOUND TO SPECIFTED
C PRtECI ION S.

IHEN THE DIFFERENCE BETWEEN SUCCEGSIVE ESTIMATES OF T1HE
C PARAMETER IS LESS THAN OR EQUAL TO ACCTIIE, THE SEARCH

Is STOPPED.
SCCTFIE = ft. RESULTS IN THE COAPUTER qEARC;I!,IG -Tr7 7

C 'HFE LI11TS OF ITS OWN ACCURACY.
C

WHEN :;UCCESSIVE SSE'S AGREE TO .ACCSE DIGITS THE S EJRcH l
I!" S'I'OPPF, . MAXTMUA 7

WORK
WORK VECTOR. LENGTH NPTS.

4C
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C 5;TAN

USER-SUPPLIED DATA VECTOR CONTAINING THE POINTS T'iH

C PROGRAM TRIES TO MATCH.

C NPTS
NU48ER OF POINTS TI STAN.

c
, C I PR I NT

JN PES SET 0{, USER GETS PRINTOUT OF INTERMEDIATE

C RESULTS OF THIE SEARCH.
C

CI PLOT

C PLOTT[NG CONTROL CHARACTER
C NO PLOT
C= PLOT WITH REGULAR AXES

=2 SEMILOG PLOT (SSE'S ON LOG AXIS)
C BOTH PLOTS

C
c XSIZE
- SIZE OF X-AXIS OF THE OPTIONAL PLOT.

C YSI7E
C qIZE OF Y-AXIS OF THE OPTIONAL PLOT.
C
C VARNAM

0 HOLLERIR m' RING NAME OF PARAMETER.

C NCH AlR
C NU.BER OF CHARACTERS IN VARNAM.

'-." V-NRPLT

ARRAY USEO FOR PLOTTING. LEN,'GTH = NPTPLT
UPON RETURN CONTAINS ALL ESTIMATES OF THE VARIABLE,

_ ORDERED SMALL TO LARGE.

C
f- czEFPLT
c ARRAY USED FOR PLOTTING. LENGTH = NPTPLT

C UPON RETURN CONTAINS SSE FOR EACH VARIABLE ESTIMATE
c

C- NPTPLT
C SIZE OF PLOTTING ARRAYS.

IF THE INITIAL RANGE (HIGH -ALOW) HOLDS THE B EST VAL!i
C OF THE UNKNOWN VARIABLE, THEN THE FOLLO.WING FORMULA T.ihu ULI)
C PROVIDE AN UPPER BOUND ON NPTPLT:

C NPTPLT <= 3 + 2*(LOG(RANGE/ACCTHE))/LOG(2)

C THE USER MUST WRITE A SUBROUTINE FUNCT(VA.R,WORK) THAT GENERATES
VECTOR "WORK" OF ESTIMATED DATA POINTS, GIVEN THAT T'hE U"MS 'WN

PARAMETER EQUALS "VAR"

10,0 1 SUBROUTINE SEARCH (THETA,SSETHE,AMPTHE,IAMP,ALOW,HGI,ACCTHE.
I ACCSE,WORK, STAN, NPTS, IPRINT, IPLOT, X3IZ E, YSIZE, VARNAM, NCAR,
VARPLT, SSEPLT, NPLTPT)

4 0



l')'UiV'AN I V V02.* (14 VC i W4-No'v-7C 00: (00: WAGIv I'

VAR PLT (NPLI'Pi') , 8 E P1)1'(N PLI'PT
- LOI('A~1 \(CC:'* I(14) ACOrFE? (14) ,VRNAM(NVt2IIAR) i \LIl '

1 I04 ATA LP~ I AIK C'I 11JN) ,ui OPr11
ILI IM

CIl ' P L O T Ti' I N N 111R1A Y ",

C U13R)lJ'I NE. ,E1' THlI S EQUA'L T'O ', milil (III
C IRN CAUJSE ,' TI 8EAI I'( TO !,01'

G~~~~'~ I iII. 1 lNDI'.X OP THlE "AI..PiI" ARRAY. U8U 1) WHEIN THEl'
C ;L'\RcWIIRANGE. 1!' :,XE~NDEI).

C

41' III INITI AL V'\R 1) VARI (3, '\ND VAR V-~) WITH

00 1 'JAR (') '.11 Gl
Oil 4C~l ~I (V-'\R ( ) , SE((', ) , t\MP ('r) ,I AMP, WORK, SITAN, NPTS , I PLI V,

~"I 3 AR(1 I.OW I NT,(I tGl=LOW IELNPIT
V(l\ ( N P0O 1 NT, V G P L ) "It NS.PA , NP LTPT , 11 10%,1 '('Al~L : F UI I (VAl I' , S;E r. A AM (3 ) 1 AMP 1)ItWO 1K , STANT L''

14 110 NT, \ I ZP 1)', S S .1) LT, NP 1 'PT , I STO P

18 ' I \1I (I) - iJr ( (V1\1 (s ) p V I ()
88II. F(VA-\( NF .*VAR 01) *'oiO 1 2' IP)RE I SION CHECK 'l, 0) 1 1 11 L' RCAP' V

RANG -F. iFXT'ENS ION F~ N OS TO'R
IIACKI(lEf.

80 ~ ~ OT .1~ o' 1 14
8 ' ~ CALL ,v101 :;;W.uR(vi (1) 0 SS iAMP~ (0 I AiP,WORK , 'TNNT 1

I NI P01O NT , VARPILT, , SF.PL'', NP 1. TT, I vTO

ki.TlP VNR CI) WITH ",",h C)

00 tw' VII' \~\l VAR I)). I VNII(I)I V,\R
8 .1 ('A,\ IL 1,11 3~V (V\! pR C! ),8 .(),AM P (2 TA IMW , WOF1I, SITAN , NPT', , I P lI VI'1

IN PO I NT, VA1R P LT, F. P LT, NP1) UPIPT, I ,TO P)

I' I' F.~I 1 OP ~ ; 1 ) ~ 0SF R (P, ) I TrI I M IN I MU'4 , TlI I TIR I. I
1. 1).jf TO Fl ND P F. (H ) I F (,SF. (1) 1i1 MI N, t'XI'ENII1) TPillE I'AN(GI-. OOW~N'JAQlV

C i S*()1.18 M IN, GO0 ON TO PR EC 1 81ON IECK"I RE ,FmlR. DIN-1. WN \N'll F.
C' IOUN. OI1EI'~J ~I (NMPUTIF V IJS FOR VAR' (1)

II"( (:'0 I) *GT *;SF.( )) .R . ('~l~ 1) GT. '1SI. (3)) .011'
C (251. (I GT. SSP. (') )) "OP0111 0 I

'0 ' III' I NT' I i', , I IMOIN0, A'I.PII (\~IE),VAIlZ, S1E

'30
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0 3') 11 FOR-iAT (' ROIJND',F3,AI / ' VAR[ABLE: ' 5 . / ' SE: 'SX, ,;1s.")

I '4'OrE =  "JOYE + I
00 32 7 (NOTE .EQ. 28) NOTE 27
0 L 4LO.L.C'L ( 0 ) S
003. 173 IF(ISTOP NE. 04) GOTO '50

C RESET ARRAY( AND DO ANOTHER ROUND:
¢ 7CALL IESE--T (VAR,1,3,4 ,5) k

....01 8 ClLL RESET(';SE,I,J,4,5)
(IS39 C'LL RESET (AMP, I, 4, 5)

- 0f4:, cOT"O I (U )

.. E .GT. SSE 3 R. (SSE(2) .G. E (5) GTO .-

~C IIERE IT IS KNOWN THIAT VAR(2) IS THIE BEST VALUE F;O FAR
r~STA'RT=

4 a4a r.0r0 4,20!{ ,:

C SET UP VRf,) WITH SSE(4)
CI

:i%145 3 00 VAR(4) = (VAR(5) - VAR(3))*.5 + VAR(3)
(,0 44 CALL SSESUB (V\R (4),SSE (4) ,MP(4) ,IAMP,WORK,STAN,1NPTS, IPLO',

4- NPOINT,VARPLT,SSEPLT,NPLTPT, iSTOP)

C
C AS ABOVE, SEE IF THE ENDPOINT OF THE SEARCH INTERV L (lIFRg, V )

C YIELDS A BOUNDARY MIN SSE. IF SO, RESET THE VARIABLES S,; THAIT
~~C rHE RANGE IS EXTENDED UPWARDS, OTHERWTSE, FIND THiE , TARTIIN , "..

FOR THE NEXT ROUND, AND GO TO PRECISlON CHECK SECTION.

0047 IF((SSE(5) .GT. SSE(3)) .OR. (SSE(5) .GT. SSE(4)) )G')T() 4 0
0 0 49 F(IPRINT .EQ. 0) '30TO 350
0051 PRINT 1640, IROUND,ALPH(NOTE),VNR,SSE
1052 N,.,TE =  NOPE - 100 :5 3 IF(NOTE .EQ. 23) NOTE = 27
)055 CALL CLOSE (6)

1055 350 IF(ISTOP .NE. 0) GOTO 650
0058 CALL RESE-P(VAR3,1,2,3)
0059 CALL RESET (QSE, 3, 1,2, 3)

CALL REET(AMP,3,1,2,3)
ffilf.)l VAR(5) = VAR(3) + (V,\R(',) - VR(l))

0032 IF(V'\R(S) NE. VAR(3)) GOTO 375
00 14 ISTART = 2
05 GOT 0 4314

20 1 375 CALL eSEu13 (VAR (5) SSE (5) ,AMP(5) ,IAMP,WORK,.STANNPTS, I LT.

NPOINT,VARPLT,SSEPLT,NPLTPT, ISTOP)S .) 7 GOTO 3900

- - C

10 48 4 10 o ISTART = 2
IF(1'SE(4) .LE. SSE()) ISTART = 3

o_ '',71 A2j IF([PRINT .EQ. 0) GOTO 43k)

d073 PRINT lto, IROUND,ALPH (NOTE) ,VAR,SSE
,o74 ('AiLL CLOSE ())

:- C

C PREC1 - _EC KS

C

aC T F ,T: IF TIlE DIFFERENCE BETWEEN J)UCCF';IVE L!;TI4AT

51
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C UNKNOWN VNRIABLE IS LESS THAN OR EQUAL TO "ACCTHE"
C (USER-.UPPLrED CONSTANT) THEN EXIT.
C

THE DIFFERENCE MAY NEVER BE LESS THAN ACCTHE BECAUSE OF

C ROUNDING, IN THIS CASE DIFF REMAINS CONSTANT OVER ROUNDS.
C DIFOLD IS A CHECK ON THIS.
C

'O75 43('0 DIFF = VAR(2) - VAR(1)
40 7 r)IF(DIFF .GT. ACCTHE) GOTO 432
00f!78 PRINT 431,4CCTIIE
0(079 'll FORMAT('0***** SEARCH STOPPED DIFFERENCE BETWEEN ESTIMATES <=',

+ G15.5)

0.) ("1 .1) GOTO 700
o.1E 432 IF(DFF .NE. DIFOLD) GOTO 440
0033 434 PRINT 435,VARNAM
003A 415 FORMAT('0*****SEARCH STOPPED*****h/

+ ' DOUBLE PRECISION REQUIRED FOR FURTHER REFINEMENTS OF',
+ ' ESTIMATES OF ',30A1)

:0, ) 5GOTO 700

C
C SECOND: IF THE SSE'S AGREE TO A USER-SUPPLIED NUMBER OF
C DIGITS (IACCSE) THEN EXIT.
C

00)96 44'3 DIFOLD DIFF
0C37 ENCODE (14,450,NCCSE1())SSE(ISTART)

J09138 45 FORMAT(IPE14.7)
4039 Do 55.) T=(TSTART+l),(ISTART+2)

ENCODE (14,450 ,ACCSE2 (i) )SSE (I)
01 DO 5010 3=12,14

1,,92 IF(ACCSEI() NE. ACCSE2(3)) GOTO 400
)W)4 N CONTIUE

DO 550 J=2, (IACCSE + 2)
IF(ACCSE](l) .NE. ACCSE2(l)) GOTO '00 e

a'19? 3, CONTINUE

1099 PRINT 575, [ACCSE
0 1. 5"; 5 FORMAT('0***** OE'RCH STOPPED SUA OF SQUARED ERROR : IA'rC'i TO',

1 12 ' DIGITS.')

GOT 7() 0

' R ET UP ARRAYS FOR TIlE NEXT ROUND
J i :2 t) IF(STOP .NE. 0) GOTO r50
iP4 CALL RESET(VSEISTART, 1,3,5)
,)'5 -ALL RESET(1-3(E, ISTART,i,3,5)

CALL RE.'ET (AMP, ISrART, 1,3, 5)
;ifLV" [PROUND- IROUND + I
') i N3 , "TE =

01 ,9 ~ V)TO 1

';llli~ .i PRP*,'***** ;SEARCH STOPPED PLOTTING tRRAYq FILLED *****'
t • 7'10 rIsTA V',R (f ,'TART+ )
! 2 ?,E'ttE ; sSE (i START+i )
1'; 1AmPilI ,P (%mPWTART+l

C
}i !4 IF(IPLOT EQ. G) RETURN

L -52
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C
C ORDER THE VARIABLE ESTIMATES SO THAT A LINE CAN BE DRAWN l ,E '1E,
C DATA POINTS ON THE GRAPH, SHOWING BEHAVIOR OF SSE'.
c

0116 800 FORMAT (1)
0117 DO 900 1=,(NPOINT - 1)
0118 MIN I
,1119 DO 850 J=I,NPOINT
2 IF(VARPLT(J) .LT. VARPLT(MIN)) MIN = J

0 122 850 CONTINUE
C1123 Si = VARPLT(I)
0124 VARPLT([) = VARPLT(MIN)
0125 VARPLT(MIN) = Si
f126 S1 = SSEPLT(I)
0127 SSEPLT(T) = SSEPLT(MIN)
0128 900 SSEPLT(MIN) = S1

C
0129 IF(IPLOT .EQ. 2) GOTO 950

C
(1131 PRINT 800

C REGULAR PLOT OF SSE VS VARIABLE ESTI.MATES.
0132 CALL DOPLOT(XSIZE,YSIZE,VNRPLT,SSEPLT,NPOINT, VARNAM,NC[IAR,' SE',

C
3 133 IF(IPLOT .EQ. 1) RETURN

C
0135 950 PRINT 800

C SEMILOG PLOT OF SSE VS VARIABLE ESTIMATES.
0136 CALL PLTLGY(XS3ZE,YSTZE,VARPLT,SSEPLT,NPOINT,VARNAM,,NCHAR,'P E',

+ 3,0,'. ,1) '

117 RETURN
0 133 END
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C
C SUBROUTINE SSESUB
C4
C PURPOSE
C CALLED BY SEARCH TO FIND AMPLITUDE RATIO(AIP) NND SSE FOR A
C GIVEN Vl'LUE OF THE UNKNOWN PARAMETER (VAR)
C

0001 SUBROUTINE SSESUB(VAR,SSE,AMP,IAMP,WORK,STAN,NPTS,IPLOT,
+ NPOTNTr,VARPLT,SSEPLT,NPLTPT,ISTOP)

0002 DIMENSION WqORK (NPTS) ,STAN (NPTS),VANRPLT(NPLTPTr),SSEPLT(NPLTPT)
C

0 0 Z3 CALL FUNCT(VAR,WORK)
C

0A 4 A .
0005 IF(IAMP .EQ. 0.) GOTO 200

C FIND AMPLITUDE RATIO
0 007 SUA15Q = 0.

0 q SUI~X= 0.
0 0, 9DO 100 1=1 ,NPTrS

V,01IV SUr4X S3UMX + STAN (I)*WORK (I)
001)11 100 SU'4SQ SUAISQ + W4ORK (I )*WORK (I)
GI i AMP = 3UrvIX/SUM4SQ

C FIND SSE
1. 2 0201 SSE = 0.

IDO 300 I1NT
ERROR STAN(I) - A*WORK(I)

00417 1001 SSE = SSE + ERROR**2I

C

00 13 rFUPLOT .EQ. £4) RETURN
00 2 0 NPOINT = NPOINTr + I
0,~ VARPLT (NPOTIN = VAR
)02) -qEPLTC'JPOINT) = SSE

n-123 4;10 !F(NPOINT .GE. (NPLTPT -1) )ISTOP I
C IF isTrop I , ARRAYS ARE FILLED AND SEARCH STOPS UPON RETURN.
C

'1025 R ETrURN

54



FORTRAN IV V02. 04 Fri 09-Nov-79 00:00:00 PAC13E 0, 0

C SUBROUTINE RESET
rC PURPOSE

C CALLED BY SEARCH TO REASSIGN ELEMENTS OF ARRAYS.

SUBROUTINE RESET(AtIJKPL)
0002 DIMENSION A(5)

10004 Y =A(T+1L)
Z=A(I-i2)

I END
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